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Introduction {#sec005}
============

Loco-regional control for head and neck squamous cell carcinomas (HNSCC) has been improved with advances in new diagnostic modalities \[[@pone.0203758.ref001]\] and radiation techniques \[[@pone.0203758.ref002]\], refinements of surgical procedures \[[@pone.0203758.ref003]\] and the introduction of multi-modal treatments.\[[@pone.0203758.ref004]--[@pone.0203758.ref006]\]

However, the frequency of distant metastasis and the overall survival rate have not been significantly improved in the last 20 years, particularly for the advanced stage HNSCC.\[[@pone.0203758.ref007],[@pone.0203758.ref008]\] Tumor metastasis to vital organs is a factor critical to cancer mortality in patients with HNSCC.\[[@pone.0203758.ref007]\] Therefore, early identification of a subset of patients prone to future distant metastasis is important to improve the outcomes of patients with HNSCC.

Dissemination of tumor cells into blood circulation is an important step in the initiation of tumor metastasis.\[[@pone.0203758.ref009]\] Circulating tumor cells (CTCs) play an important role in early diagnosis, prognosis prediction, and selection of treatment modalities in many types of cancer.\[[@pone.0203758.ref010]--[@pone.0203758.ref012]\] Clinically, CTC measurement has been applied in breast cancer \[[@pone.0203758.ref011]\], lung cancer \[[@pone.0203758.ref013]\], hepatocellular carcinoma \[[@pone.0203758.ref014]\], prostate cancer \[[@pone.0203758.ref012]\], and colorectal cancer.\[[@pone.0203758.ref010]\] The prognostic value of CTCs in HNSCC has also been studied;\[[@pone.0203758.ref015],[@pone.0203758.ref016]\] however, whether the presence of CTC is associated with different endpoints of survival remains controversial.

Meta-analysis is a statistical technique that combines the findings from independent studies, with a benefit of having a higher statistical power and more robust point estimate.\[[@pone.0203758.ref017],[@pone.0203758.ref018]\] Recently, results of two meta-analyses about the prognostic value of CTCs in HNSCC have been published.\[[@pone.0203758.ref015],[@pone.0203758.ref016]\] One study has indicated that CTC-positive rate in groups with disease progression (recurrence/metastasis) is significantly higher than that in patients without disease progression.\[[@pone.0203758.ref015]\] On the other hand, the other study has reported that the presence of CTC is significantly associated with shorter disease free survival, but not with disease progression free or overall survival.\[[@pone.0203758.ref016]\]

Given these conflicting results, we aimed to determine the impacts of the presence of CTC on recurrence (relapse after the curative treatment) free (= disease free) survival (RFS), progression (metastatic tumor progression) free survival (PFS) and overall survival (OS) by conducting a systematic review and meta-analysis.\[[@pone.0203758.ref019]--[@pone.0203758.ref021]\] Results of our analysis will elaborate the clinical significance of CTC in the settings of loco-regional disease or distant metastasis in patients with HNSCC.

Materials and methods {#sec006}
=====================

Search strategy {#sec007}
---------------

This study was performed according to the recommendations of the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) 2009 guidelines ([S1 Table](#pone.0203758.s002){ref-type="supplementary-material"}).\[[@pone.0203758.ref022]\] We systematically searched clinical studies published prior to Dec., 2016 from Jan., 1990 in MEDLINE, Cochrane Library, and EMBASE databases. Potentially relevant studies were identified using the following key words: \[circulating tumor cell(s)\], in combination with \[head and neck cancer\], \[carcinoma of the head and neck\], or \[squamous cell carcinoma of the head and neck\] ([S2 Table](#pone.0203758.s003){ref-type="supplementary-material"}). In addition, reference lists of retrieved articles were screened manually to identify additional eligible studies. No language restriction was imposed. Due to the paucity of relevant literatures on publication database, we also searched the meeting abstracts and short reports / letters. The eligibility of these studies was decided through comprehensive reviews and discussions with multiple researchers (JKC, GJL, MJK, SK and HSJ).

Study selection {#sec008}
---------------

The inclusion criteria for these studies were as follows: (i) the enrolled patients had a histological diagnosis of HNSCC, (ii) CTCs were detected in peripheral blood samples by various methods, and (iii) information about the association between CTC status and clinical outcomes (disease recurrence, metastatic tumor progression and death from any cause) was available. Studies were excluded if the results were not solely from HNSCC, mixed with various tumors, or if information for calculating hazard ratios (HR) and 95% confidence interval (95%CI) of outcomes was insufficient.

Data extraction and quality assessment {#sec009}
--------------------------------------

Three authors (JKC, GJL and HSJ) independently identified the eligible articles and collected the following data: (i) publication information; the first author's name, year of publication, country of study conducted, (ii) CTC data; sites of sample collection, sampling time point, methods and tumor markers to detect CTCs, (iii) clinical features; total patient numbers, number of CTC-positive patients, TNM stages, disease outcomes and follow-up duration. Any disagreements were resolved by discussion.

The quality of the studies was assessed with a risk of bias guideline, as described in the Cochrane reviewers' Handbook 5.1.0.\[[@pone.0203758.ref017]\] In details, the adequacy of the following six categories was evaluated: (i) eligibility criteria, and (ii) exposure and outcome measurement, (iii) control of confounding factors, (iv) completeness of follow-ups, (v) presence of any suggestion of selective outcomes and (vi) presence of other high risk of bias. If all criteria above were met, the study was classified into low risk of bias group. If one or more criteria were inadequate, it was classified into high risk of bias group. One study was presented in the form of a meeting abstract. It did not report the exact duration of follow-up, which was considered as high risk of bias, although we could extract HR and 95%CI for outcomes depending on the status of CTC ([S3 Table](#pone.0203758.s004){ref-type="supplementary-material"}).\[[@pone.0203758.ref023]\]

Statistical analyses {#sec010}
--------------------

HRs with its 95%CI for each study was directly extracted from its study, or calculated using the available statistical information related to HR. Comparisons were made based on CTC status: the presence of CTC (positive CTC) versus absence of CTC (negative CTC). To determine the effect of CTC status on clinical outcomes, a pooled HR was estimated using the random effect model.\[[@pone.0203758.ref017],[@pone.0203758.ref024]\] HR of more than 1 indicated worse outcome for the positive CTC group compared to the negative CTC group. The precision of estimates was quantified by 95%CI. Heterogeneity among studies was measured by Higgins and Green *I*^*2*^ statistics and Q-test.\[[@pone.0203758.ref017]\] The *I*^*2*^ ranged between 0% (no heterogeneity) and 100% (maximal heterogeneity), and the heterogeneity of the study was considered to be substantial at *P* of Q-test \< 0.1 and *I*^*2*^ \> 50%. We also evaluated the potential publication bias with Egger's regression test for asymmetry and the funnel plot.\[[@pone.0203758.ref024]\]

Among the final enrolled studies, some had both multivariable adjusted HR and univariable HR values of CTC presence for survival outcomes, while others had only univariable HR results. Thus, the following analyses were also performed using only results of univariable HR and 95%CI, to confirm the results of main analyses using multivariable HR and 95%CI. All analyses were executed using R 3.2.3 (Vienna, Austria; <http://www.R-project.org/>) with a package of metafor. A two-sided *P* of less than 0.05 was considered statistically significant.

Results {#sec011}
=======

Literature search {#sec012}
-----------------

First, we identified 738 potentially relevant articles through multiple database searches. After the reviewing process, 719 studies were excluded ([Fig 1](#pone.0203758.g001){ref-type="fig"}). Among the remaining 19 studies, 13 were further excluded, mainly due to inability to estimate HR and 95%CI of outcomes, Thus, 6 studies were included in our meta-analysis; five full text articles \[[@pone.0203758.ref025]--[@pone.0203758.ref029]\] and one meeting abstract.\[[@pone.0203758.ref023]\]

![Flowchart of study selection process.\
CTC: circulating tumor cells, HNSCC: head and neck squamous cell carcinoma.](pone.0203758.g001){#pone.0203758.g001}

Our enrolled studies were somewhat different from the studies of previous two meta-analyses.\[[@pone.0203758.ref015],[@pone.0203758.ref016]\] Of note, we focused on different outcomes (RFS, PFS, OS) separately. Therefore, we excluded three study results which combined the outcomes of disease progression and recurrence or metastasis.\[[@pone.0203758.ref030]--[@pone.0203758.ref032]\] We additionally excluded one study from which we could not extract HR of outcomes according to the presence or absence of CTC.\[[@pone.0203758.ref033]\] In that study, the researchers had used CTC values as continuous variables in univariable analysis with different cutoff values (CTC = 22) ([S4 Table](#pone.0203758.s005){ref-type="supplementary-material"}).\[[@pone.0203758.ref033]\]

Characteristics of identified studies {#sec013}
-------------------------------------

Characteristics of the included studies are listed in [Table 1](#pone.0203758.t001){ref-type="table"}. A total of 429 patients were identified. The total number of patients ranged from 40 to 144 in individual studies. The sampling time of CTC in 4 studies was before the definite treatment, or during treatments in one study. One meeting abstract did not report the exact sampling time of CTC. CTCs were detected using RT-PCR, immunocytochemistry, flow cytometry (Raman scattering) and CellSearch system. The detected tumor markers mainly included epithelial cell adhesion molecule (EpCAM), cytokeratin, and epidermal growth factor receptor (EGFR). Four studies had multivariable adjusted HR of outcomes based on the presence or absence of CTC.\[[@pone.0203758.ref023],[@pone.0203758.ref025],[@pone.0203758.ref026],[@pone.0203758.ref029]\] The remaining two had only univariable values.\[[@pone.0203758.ref027],[@pone.0203758.ref028]\]

10.1371/journal.pone.0203758.t001

###### Characteristics of studies included in the final analyses.

![](pone.0203758.t001){#pone.0203758.t001g}

  ----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  No.     Study\                                Publication\   No. of subject   Detection method\                                       Sampling\     Stage      Tumor subsites       Follow-up   Outcome   Hazard ratio   Multivariate\
          (First Author)                        year                            (Markers)                                               time                                                                               adjustment
  ------- ------------------------------------- -------------- ---------------- ------------------------------------------------------- ------------- ---------- -------------------- ----------- --------- -------------- ---------------
  1       Partridge\[[@pone.0203758.ref028]\]   2003           40               RT-PCR (E48) /ICC (Cytokeratin)\                        Baseline      M0         HNSCC                Median,\    OS, RFS   Reported       No
                                                                                                                                                                                      36 mo                                

  2       Jatana\[[@pone.0203758.ref027]\]      2010           48               ICC (Cytokeratin)\                                      Baseline      NA         OC, Ophx, HPhx, Lx   Median,\    RFS       Reported       No
                                                                                                                                                                                      19 mo                                

  3       Gröbe\[[@pone.0203758.ref026]\]       2014           80               CellSearch (EpCAM, Cytokeratin)\                        Baseline      M0 = 75\   OC                   Maximum,\   RFS       Reported       Yes
                                                                                                                                                      M1 = 5                          10 YR                                

  4       Grisanti\[[@pone.0203758.ref025]\]    2014           53               CellSearch\                                             Baseline      M0 = 26\   HNSCC                Median,\    OS, PFS   Reported       Yes
                                                                                (EpCAM, Cytokeratin)\                                                 M1 = 27                         59 mo                                

  5       Tinhofer\[[@pone.0203758.ref029]\]    2014           144              RT-PCR (EGFR)\                                          Mid-therapy   M0 = 144   OC, Ophx, HPhx, Lx   Median,\    OS, RFS   Reported       Yes
                                                                                                                                                                                      34 mo                                

  6       Wang\[[@pone.0203758.ref023]\]        2014           64               Flow cytometry[^a^](#t001fn002){ref-type="table-fn"}\   NA            NA         HNSCC                NA          RFS       Reported       Yes\
                                                                                (EpCAM)                                                                                                                                    

  Total                                                        429                                                                                                                                OS: 3\                   
                                                                                                                                                                                                  PFS: 1\                  
                                                                                                                                                                                                  RFS: 5                   
  ----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

OS: overall survival, PFS: progression free survival, RFS: recurrence free survival; RT-PCR: Reverse transcription polymerase chain reaction, ICC, immunocytochemistry, EpCAM: epithelial cell adhesion molecule. M0: No distant metastasis at diagnosis, M1: Clinical distant metastasis, HNSCC: head and neck squamous cell carcinomas, OC: oral cavity, Ophx: oropharynx, Hphx: hypopharynx:, Lx: Larynx

^a^Flow cytometry with Raman scattering

Prognostic significance of CTC and publication bias {#sec014}
---------------------------------------------------

Three eligible studies were analyzed in the OS meta-analysis, which revealed that a total HR of the random effect model was 1.92 \[95%CI: 0.93--3.96\] (*P* = 0.078), with very low heterogeneity (*I*^*2*^ = 0.0%, Q = 1.80 for 2 df, *P* = 0.41). Regarding the RFS meta-analysis, five studies were enrolled. An overall HR was 4.89 \[95%CI: 1.93--12.35\] (*P* \< 0.001), indicating that the presence of CTC was a significant predictor for RFS in HNSCC patients. The heterogeneity of studies was not significant (*I*^*2*^ = 42.5%, Q = 7.57 for 4 df, *P* = 0.11) ([Fig 2](#pone.0203758.g002){ref-type="fig"}).

![Forest plots illustrating prognostic value of CTC detection on the overall and recurrence-free survivals in HNSCC patients.\
HR: hazard ratio, 95%CI: 95% confidence interval.](pone.0203758.g002){#pone.0203758.g002}

Next, we evaluated publication bias by the Egger's regression test and funnel plotting. In OS meta-analysis for the enrolled studies, the funnel plot showed a relatively symmetric distribution with Egger's *P* vale of 0.881. However, there was a significant publication bias in RFS meta-analysis. Of note, one study showed relatively high multivariable HR value (HR = 56.06), compared to others. Egger's *P* value was 0.016, indicating a substantial publication bias, mainly due to one extreme value ([Fig 3](#pone.0203758.g003){ref-type="fig"}).

![Funnel plots of analyzed studies according to the overall and recurrence-free survivals.\
SE: standard error, HR: hazard ratio.](pone.0203758.g003){#pone.0203758.g003}

Lastly, we performed additional analyses using univariable HRs and 95%CI of each study. In OS meta-analysis, the overall HR was 1.696 \[95%CI: 0.83--3.45\] (*P* = 0.145), which confirmed the primary results. The HR of the RFS meta-analysis was 3.80 \[95%CI: 2.02--7.13\] (*P* \< 0.001), where the heterogeneity (*I*^*2*^ = 0.0%) and publication bias (Egger's *P* = 0.33) were not significant. Overall, the following analyses produced similar values to those of primary analyses, suggesting that the results of the primary analyses were reliable ([S1 Fig](#pone.0203758.s001){ref-type="supplementary-material"}).

Discussion {#sec015}
==========

Compared to the two recent meta-analyses on CTCs of HNSCC,\[[@pone.0203758.ref015],[@pone.0203758.ref016]\] our study has unique features, giving more comprehensive view on the prognostic value of CTC in HNSCC. The outcome in one of the previous studies was a combined event of recurrence and disease progression.\[[@pone.0203758.ref015],[@pone.0203758.ref030]--[@pone.0203758.ref032]\] It also included a study of disseminated tumor cells from bone marrow biopsy.\[[@pone.0203758.ref034]\] Thus, it was hard to predict a potentially distinctive role of CTCs on loco-regional disease versus distant metastatic disease. The other meta-analysis addressed the prognostic significance of CTCs on disease-free, progression-free and overall survival, separately.\[[@pone.0203758.ref016]\] In agreement with our results, analyses of CTCs concerning PFS and OS showed no significant pooled HR, although the presence of CTC was significantly associated with shorter disease-free survival. However, our analyses enrolled more studies, which met the inclusion criteria, through meticulous electronic search including meeting abstract. Interestingly, some papers included in the previous meta-analyses did not met our criteria or give enough information to extract HRs and 95% CI,\[[@pone.0203758.ref033]\] which were excluded from our analyses ([S4 Table](#pone.0203758.s005){ref-type="supplementary-material"}). Thus, our analyses might be more comprehensive and reliable, and the following analyses using univariable values also supported our main findings.

RFS includes any recurrence (local, regional, or distant) and death due to any cause. PFS is defined as the time elapsed between treatment initiation and metastatic tumor progression or death from any cause.\[[@pone.0203758.ref020],[@pone.0203758.ref021],[@pone.0203758.ref035]\] Therefore, the main interest of disease with PFS is metastatic tumors in the distant sites in patients with systemic diseases at enrollment. Meanwhile, RFS focuses on disease recurrence from the status of no clinical tumors after curative treatments. In these analyses, we only identified one eligible study reporting PFS outcome,\[[@pone.0203758.ref025]\] thus we could not conduct a meta-analysis of PFS, separately.

Among the enrolled studies, there had been an issue in methodology of CTC detection ([Table 1](#pone.0203758.t001){ref-type="table"}). Markers for CTC identification were inconsistent, although major markers were EpCAM and cytokeratin, except one with EGFR. Sampling time was also different; however, all studies had used peripheral blood for CTC measurement from patients before the completion of definite treatment, thus these CTC data appeared to reflect the initial tumor status in each patient. In addition, the subsites of HNSCC were not identical among the studies, which may affect the outcomes. Importantly, multivariable adjustments had been undertaken only in two thirds of the studies.

To overcome this study heterogeneity, we implemented three statistical methods for our meta-analyses. The first one was using a random effect model, rather than a fixed effect model for meta-analyses, to control for unobserved heterogeneity across the studies.\[[@pone.0203758.ref018]\] Next, we evaluated the degree of heterogeneity among the studies with Higgins *I*^*2*^ statistics and Q-test, and confirmed that the heterogeneity was not significant (*I*^*2*^ \< 50% for OS and RFS). Lastly, we conducted additional analyses using univariable HRs for outcomes to validate the overall pooled HRs retrieved from mixed univariable and multivariable values. As a result of secondary analyses, we obtained the similar overall HRs, suggesting the primary results were reliable. Thus, our meta-analyses could give a more clear view of the prognostic significance of CTC in the pre-treatment settings of HNSCC, irrespective of specific CTC detection methods.

CTCs are tumor cells shed from primary tumors and metastatic deposits into the bloodstream.\[[@pone.0203758.ref010]\] Thus, total tumor burden might be related to the degree of CTCs. Particularly in HNSCC, local or regional recurrence is mainly induced by minimal residual tumor cells or biologically altered cells in the primary or regional sites.\[[@pone.0203758.ref036]--[@pone.0203758.ref038]\] However, whether CTCs directly contribute to the loco-regional recurrence remains unclear. Rather, high CTC counts may simply reflect big tumor burden at presentation, which has high risk of recurrence. In line with these assumptions, our data also confirmed that the presence of CTCs in the blood had the prognostic value in predicting RFS.

Distant metastases can develop from disseminated tumor cells via blood circulation. The high count of CTCs can be directly related to the emergence or growth of clinical distant metastatic foci. However, our results indicated that a simple presence of CTCs did not correlate with OS of HNSCC patients. The progression of systemic metastasis mainly determines OS of patients with HNSCC, and metastatic colonization and progression might require additional biological process from CTCs in the blood. Indeed, it has been reported that a unique subset of CTC, not the total count of CTC, can have a significant prognostic role predicting patients' survival and metastatic progression.\[[@pone.0203758.ref033],[@pone.0203758.ref039]\] Thus, we conclude that the presence of CTC itself would not be a good prognostic indicator for patients' OS in HNSCC. This can be clarified by future meta-analysis of PFS.

The limitations of this study was the small number of enrolled studies, even though our meta-analysis identified the largest number of studies (*n* = 6) compared to previous meta-analyses. In the analyses of RFS, we also noted publication bias due to one outlier (HR = 56.06 from multivariable analysis),\[[@pone.0203758.ref026]\] which might have resulted in interpretational error. To adjust this potential bias, we further conducted a secondary analysis using univariable HR (HR = 5.73), which revealed the similar outputs (a pooled HR = 3.80 \[95%CI 2.02--7.13\], *I*^*2*^ = 0.00%) without publication bias (Egger's *P* = 0.33).

Conclusion {#sec016}
==========

Our meta-analyses further support the view that the presence of CTC in the peripheral blood is not a significant prognostic indicator of OS in patients with HNSCC, although it could reflect the status of loco-regional disease outcomes.
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